Geographic information systems (GIS) are widely used for mapping wildlife movement 2 patterns, and observed wildlife locations are surrogates for inferring on wildlife 3 movement and habitat selection. We present a new approach to mapping areas where 4 wildlife exhibit sustained use, which we term slow movement areas (SMAs). Nested 5 within the habitat selection concepts of home range and core areas, SMAs are an 6 additional approach to identifying areas important for wildlife. Our method for 7 delineating SMAs is demonstrated on a grizzly bear (Ursus arctos) case study examining 8 road density. Our results showed that subadult females had significantly higher road 9 densities within SMAs than in their PPA home ranges. The lowest road density was 10 found in the SMAs of adult male grizzly bears. Given increased mortality risks associated 11 with roads, female encampment near roads may have negative conservation implications. 12
Introduction 20
Due to improved GPS technology there has been an increase in availability of telemetry 21 data that has led to growth in movement analysis methods development (e.g., Thériault Telemetry data represent discrete locations of an individual animal in space and time and 37 have been used extensively to study habitat selection by wildlife (Smulders et al. 2010) . 38
Most habitat selection research employs the concept of home range or core area 39 (Smulders et al. 2012) . A home range is typically defined as the area to which an animal 40 confines its normal movements (Burt 1943 ) and the core area is an intensively utilised 41 subset of the home range (Samuel and Green 1988) . Recently, other concepts such as 42
SMAs also represent a temporal sub-interval of the telemetry dataset, and this temporal 112 information can be used to further assess the timing of encamped and slow movement 113 behaviour. 114
The calculation of the PPA home range and SMAs will be impacted by the 115 selection of the vmax parameter. Parameterising vmax is subject to similar issues as have 116 been discussed for the bandwidth selection when using kernel density estimation to 117 define home ranges (Seamann et al. 1999, Gitzen et al. 2006, Nelson and Boots 2008) . 118
Higher values of vmax will lead to the delineation of larger PPA home range and SMAs. 119
As vmax increases the animal is represented as being able to move more quickly and 120 therefore has more accessible habitat. Like kernel density bandwidth selection, selecting 121 vmax will always be prone to some subjectivity (see Nelson and Boots 2008 for discussion 122 of bandwidth selection). We suggest that analysts use multiple confirmatory sources 123 when determining the most appropriate vmax parameter. Biological information on 124 maximum or typical speeds of travel can be compared to estimates generated from 125 observed data to build confidence in the vmax value selected. 126
The spatial-temporal extent and resolution of telemetry data will also impact the 127 interpretation, and indeed appropriateness, of home range and SMAs defined using PPA 128 approaches (Figure 2) . Ideally, PPA approaches are applied when the spatial-temporal 129 resolutions and extents of telemetry fixes are similar throughout a dataset (see Wiens 130 1989 for discussion of scale). For instance, if wildlife data are collected every 20 minutes 131 in a 10 by 10 km area the data are relatively fine and SMAs are likely representation of 132 sleeping or feeding. In contrast, landscape scale trends, such as migratory stop-over 133 locations, could be identified when the SMA is defined for data collected once a day over 134 
Analysis 200
By definition, SMAs are delineated using both the spatial and the temporal structure of 201 telemetry data. Thus, we began our analysis by correcting for missing fixes that are 202 inevitable with GPS-based telemetry systems (Rempel et al. 1995 ). An interpolation For each individual bear we calculated the PPA home range and SMA (Figure 3) . 208
We took a simple approach to SMA analysis here using only the longest encamped period 209 (i.e., the mi with the highest score) to generate the SMA. Road density within individual 210 bear home ranges and SMAs were then calculated and summarised by age and sex. We 211 excluded the SMA from the home range when calculating road density to compare 212 between the home range and SMA. Grizzly bears less than five years old are considered 213 subadults and their selection of habitat has been shown to be different from adult bears 214 (Mueller et al. 2004 ). We partitioned bears by age (subadult or adult) and by sex. For 215 each age-sex class (adult females, adult males, subadult females, subadult males) we 216 assessed the statistical differences in the road density within home ranges and SMAs by 217 comparing frequency distributions using a Mann-Whitney U statistical test. 218
Results 219
For adult females, the average PPA home range was 466 Figure 4 and Figure 5 ). Road density in the SMAs for adult 231 females was very similar to the road density in the PPA home range (0.60 km/km 2 and 232 0.59 km/km 2 , respectively) ( Table 1 and Figure 5 ). However, for subadult females, the 233 road density was significantly higher (p = 0.0209) in the SMA compared to the PPA 234 home range (0.66 km/km 2 and 0.50 km/km 2 , respectively)( Table 1 and Figure 5 ). 235
In general, male grizzly bears were found to have lower road densities in their 236
SMAs compared to their PPA home ranges (Table 1 and 
Discussion 242
Grizzly bears often rest adjacent to sites recently used for feeding (Phillips 1987) SMAs within a PPA home range is another mechanism for understanding utilisation, 315 though it is a measure of encampment rather than percentage time spent at a location. A 316 benefit of the SMA delineation is that areas are defined using maximum speed as the only 317 subjective parameter. Our approach specifically does not identify frequently revisited 318 16 T.A. Nelson et al. areas and alternative approaches (e.g., Benhamou and Riotte-Lambert 2012) are more 319 appropriately designed specifically for discovering these revisitation areas, for example 320 associated with important movement corridors. 321
To calculate SMAs, every telemetry location is assigned both an ellipse and a 322 value (mi) identifying the number of consecutive points that fall within that ellipse. As 323 such, it is possible to map how long an animal was in an area for all PPA ellipses or 324 telemetry locations. Different lengths of utilisation could be linked with different 325 behaviours (i.e., foraging, resting, and travelling); however, as with velocities, linkages to 326 behaviour require that subjective thresholds be defined. In this analysis we defined the 327 SMA using only the largest -max(mi) -value, identifying a SMA, however in many 328 applications it will be advantageous incorporate, for example, the 10 largest values of mi. to variability in the nature of home ranges, how the SMA is utilised is related to the 337 spatial and temporal scales of the telemetry data. As in the grizzly bear example, when 338 data are hourly or finer, the behaviours most likely associated with SMAs are feeding or 339
resting. If telemetry data are collected at coarse temporal resolutions and extents the 340 SMAs will reflect broader scale processes such as migratory stopovers. 
Conclusions

